Korea-Alkyl cellosolves include ethylene glycol monomethylether, ethylene glycol monoethylether, ethylene glycol monobuthylether. And their urine metabolites are methoxyacetic acid, ethoxyacetic acid and butoxyacetic acid. The current analytical method for urinary alkoxyacetic acid is liquid-liquid phase extraction. But the liquid-liquid phase extraction method needs a more complex pre-treatment process and has a low recovery rate. We determined the appropriate extraction solvent and its flow rate. We also evaluated the non-absorptive rate and recovery rate according to particle size. Finally we developed a convenient solid phase extraction method for the analysis of urine cellosolve metabolites. As a result, the recovery rates for methoxyacetic acid, ethoxyacetic acid and butoxyacetic acid were 100.4 ± 1.6%, 100.2 ± 1.8% and 100.7 ± 10.0% respectively, when acetone was used as the extraction solution. The most appropriate flow rate was 0.1 ml/min. At a particle size of 140-200 mesh, non-absorption percentages for methoxyacetic acid, ethoxyacetic acid, butoxyacetic acid were 3.2 ± 0.3%, 1.0 ± 0.1% and 1.1 ± 0.1%, and the recovery rates according to particle size were similar. Further evaluation of the recovery rate and non-absorptive rate according to the mini column shape, stationary phase and recovery rate with various extracting solutions is required. (J Occup Health 2004; 46: 260-265) 
Because cellosolves have both hydrophilic and hydrophobic properties, they are used extensively in industry for various purposes.
A m o n g a l k y l c e l l o s o l v e s ( e t h y l e n e g l y c o l monomethylether, ethyleneglycol monoethyl ether, ethylenegylcol monobutylether), the urinary metabolites include methoxyacetic acid (MAA), ethoxyacetic acid (EAA), and butoxyacetic acid (BAA) (Groeseneken et al., 1986) . The toxicological characteristics of MAA and ethyleneglycol monomethylether are similar, suggesting that urinary methoxyacetic acid could be used as a biological monitoring material in workers exposed to ethylene glycol monomethylether (Rowe et al., 1982) .
The present reported method of analyzing alkoxyacetic acid, the metabolite of alkyl cellosolve, is to use a HPLC/ ultra-violet detector by labelling with C 14 (Mebus et al., 1992) . The method of analysis by means of a gas chromatograph and flame ionization detector (GC-FID) includes making derivatives of trimethylsilyl diazomethane (Sakai et al., 1993) and direct analysis without making derivatives of alkoxyacetic acid (Groeseneken et al., 1986) . The method with a GC/electron capture detector (ECD) is the analysis which makes the derivative of pentaflurobenzylbromide (Johanson, 1994; Groeseneken et al., 1989) . The method of analysis with a GC/mass selective detector (MSD) makes the tert-butyldimethyl silylation derivative (Scott et al., 1988) and the pentafluorobenzoyl and pentafluorobenzyl derivatives (Bormeltt et al., 1995) .
The analysis of alkoxyacetic acid in urine proposed by Groeseneken et al.(1986) uses liquid-liquid phase extraction, which is done by freeze drying the sample. And the remaining dry product is extracted with hydrochloric acid and methylene chloride. The extracted material is transformed to a derivative with diazomethane by placing the organic solvent in a vial. When the recovery rate was analyzed after removing excess diazomethane, it was low at 31.4% for MAA and 62.5% for EAA and a complex pre-treatment process was needed. And according to the liquid-liquid phase extraction used by Sakai et al. (1993) , the process is made very complex by freeze drying the sample and making it into a derivative. When the recovery rate was analyzed, it was 98.0 ± 2.8% for MAA, 96.4 ± 3.6% for EAA, and 99.0 ± 0.8% for BAA. The method of extracting alkoxyacetic acid from urine has been the liquid-liquid phase extraction method, but accurate analysis of alkoxyacetic acid in urine was difficult due to the complex preprocessing method, low recovery rate, and low reproducibility. Furthermore, no study has been conducted on solid phase extraction.
The present study was conducted to determine the optimal flow rate and extraction solution for solid phase extraction of alkoxyacetic acid, which is the metabolite of alkyl cellosolve in urine, and to propose a convenient method of analysis with GC-FID without making derivatives by comparing the non-absorptive rate and recovery rate according to solid particle size.
Methods

Instrument
A capillary column (25 m × 0.32 mm × 0.25 µm HP-1, Hewlett Packard, USA) was used as the separation tube for the GC-FID system GC-14AM (Shimadzu , Kyoto, Japan), and chromatograms were obtained with an integrator (C-R 6A, Shimadzu, Kyoto, Japan). A peristaltic pump (Model M 312, Gillson, France) was used for small column extraction.
Materials
After purifying Amberlite XAD-7 (20-60 mesh, Aldrich, USA) in the small column (diameter: 12.7 mm, length: 64 mm, Alltech, USA) used for solid phase extraction, the column was packed to a height of 1 cm. Sample analysis was done with 1 µl of methoxyacetic acid, ethoxyacetic acid (Aldrich, Milwaukee, USA, 98%), and butoxyacetic acid (TCI, Tokyo, Japan, 99.8%) dissolved in 10 ml distilled water (1 µl/10 ml).
Solid phase extraction
After the small column was washed with 10 ml methanol and activated with 50 ml distilled water, 1 ml of the sample was absorbed into the column. Immediately after the sample was absorbed, it was washed with distilled water at rates of 0.1, 0.2, 0.3, and 0.4 ml/min to measure the absorption efficiency of the sample and a 1 ml/fraction was obtained in 10 ml test tubes. Then, to extract the absorbed sample, 10 ml was extracted in each of 10 test tubes at 1 ml/fraction with an organic solvent such as acetone at a rate of 0.1 ml/min. Analysis was done by injecting 0.5 µl of the washing solution and extraction solution into the GC-FID.
Instrumentation and chromatographic conditions
The initial column temperature was maintained at 40°C for 10 min and increased in steps of 10°C/min to 160°C, which was maintained for 15 min. The detector temperature was 250°C, the sample injection temperature was 230°C, the volume of make-up gas was 40 ml/min, and the flow rate of the extraction gas was 2.0 ml/min (Table 1) . Chromatograms were obtained with a C-R 6A integrator by adjusting the attenuator to 1.
Analysis of non absorbed sample according to the washing flow rate
In order to determine the amounts of MAA, EAA and BAA not absorbed according to the washing flow rate, washing was done at 0.1 ml/min, 0.2 ml/min, 0.3 ml/min and 0.4 ml/min. Each sample was obtained in a 10 ml volume, and analysis was done by injecting 0.5 µl of the sample (Table 2) .
Recovery rates according to extraction solvents
After absorbing the sample to be analyzed into the mini column, it was washed at 0.1 ml/min to obtain a 10 ml sample. Then the washed sample was analyzed to calculate the non-absorptive rate. The amount of acetone needed for complete extraction and the recovery rate of 
Comparison of recovery rate according to solid phase particles
Amberlite XAD-7(20-60 mesh) was ground in a mortar and sifted 3 times through standard sieves (KS A 501) at 100-140 mesh(150-106 µm), 140-200 mesh (106-75 µm), and higher than 200 mesh (75 µm-). Then the stationary phase obtained was packed in the mini column. It was then activated with 10 ml methanol and 50 ml distilled water. 1 ml of sample was washed with distilled water at 0.1 ml/min immediately after absorption to obtain 10 ml of sample in a 10 ml/fraction. For extraction of the absorbed sample, 10 ml of sample was extracted with acetone at 10 ml/fraction and then the washing solution and extraction solution (0.5 µl of each) were injected into the GC-FID to observe the non-absorptive rate and recovery rate of the absorbed sample.
Analysis of alkoxyacetic acid in urine
The pre-treatment process for the analysis of urine samples was the addition of 1 µl MAA, EAA and BAA in 10 ml of normal urine, followed by adjustment of pH with 0.5 g of trichloroacetic acid to 1.8-2.0 to prevent protein denaturation, and centrifuged at 3,000 rpm for 15 min to obtain the supernatant. After 1 ml of this supernatant was applied to XAD-7, the amount of nonabsorbed sample and the recovery rate of the absorbed sample extracted were analyzed.
Analysis of MAA at a low concentration in urine
After adding 0.5 ml of the sample to 50 ml of normal urine, pH was adjusted to 1.8-2.0 using 0.5 g of trichloroacetic acid. The sample was centrifuged at 3,000 rpm for 15 min. Then, 50 ml of the supernatant was applied to the absorbent, washed with 5 ml of distilled water and extracted with acetone. This 50 ml eluent was injected in 0.5 µl amounts to calculate the area, and the concentration was calculated by comparing with the amount of MAA. Each standard solution was added to 100 ml normal urine. And obtained chromatogram was compared with the standard chromatogram (Fig. 1) .
Statistical analysis
Kruskal-Wallis test was used to compare recovery rates according to extraction solvents and particle sizes on solid phase. All statistical analysis was done by SAS version 8.12 for windows.
Results
Analysis of non-absorbed sample according to the washing flow rate
The amounts of non-absorbed alkoxyacetic acid at different flow rates, i.e., 0.1 ml/min, 0.2 ml/min, 0.3 ml/ min, and 0.4 ml/min at the time of washing, for MAA, EAA and BAA were 10.0 ± 0.3%, 3.1 ± 0.1%, and 3.3 ± 0.2%, respectively, at 0.1 ml/min, and were 27.3 ± 1.0%, 15.3 ± 0.3% and 13.1 ± 0.7%, respectively, at 0.4 ml/ min. Thus, the rate of absorption was better with a smaller flow rate when washing (Table 2) .
Recovery rates according to extraction solvents
After alkoxyacetic acid was absorbed into XAD-7, the sample was washed with water and extracted at a flow rate of 0.1 ml/min with acetone, methanol, ethylacetate and methylene chloride. The recovery rates of MAA, EAA, and BAA were the highest when acetone was used as the extraction solvent. Those recovery rates were 100.4 ± 1.6%, 100.2 ± 1.8% and 100.7 ± 10.0%, respectively. But the recovery rates of MAA, EAA and BAA when methanol was used as the extraction solvent were 16.2 ± 0.7%, 36.1 ± 2.7% and 32.0 ± 1.0%, and when using methylene chloride as the extraction solvent, the recovery rates were 49.0 ± 6.9%, 62.0 ± 3.1% and 70.0 ± 2.3 %, respectively. No extraction was done with ethyl acetate. The recovery rates according to each extraction solvent were significantly different (p<0.05). Then, the amount of acetone was then measured to calculate the amount needed for complete extraction. We injected 0.5 µl of extraction solution per fraction with 10 ml of extraction obtained at 1 ml/fraction. Thus, the amount of acetone needed for complete extraction was 6 ml for MAA, 5 ml for EAA and 5 ml for BAA.
Comparison of recovery rates according to particle size on the solid phase
For the comparison of recovery rates according to particle size on the solid phase, the sample was washed with distilled water at a flow rate of 0.1 ml/min with 4 different absorbents, i.e., 20-60 mesh (710-410 µm), 100-140 mesh(150-106 µm), 140-200 mesh (106-75 µm) and higher than 200 mesh (75 µm) and extracted with acetone. Then the non-absorptive rates and recovery rates were compared. The non-absorptive rates for MAA were decreased from 10.2 ± 0.3%, 7.0 ± 0.7%, 3.2 ± 0.3%, and to 3.1 ± 0.4% with 20-60 mesh, 100-140 mesh, 140-200 mesh, and more than 200 mesh, respectively. The recovery rates were quite similar. For EAA, the nonabsorptive rates decreased from 3.1 ± 0.1%, 2.3 ± 0.1%, 1.0 ± 0.1%, and to 1.1 ± 0.1% and decreased from 3.3 ± 0.2%, 1.2 ± 0.1%, 1.1 ± 0.1%, and 1.4 ± 0.02% for BAA (Table 3 ). The recovery rates were similar. The recovery rates according to particle size on the solid phase were not significantly different (p>0.05), and the nonabsorptive rate was better as the particle size of filler became smaller.
Analysis of alkoxyacetic acid in urine
After adding 1 µl each of MAA, EAA and BAA to 10 ml of normal urine, 0.5 g of trichloroacetic acid was added. Then, when each urine sample was put into an XAD-7 with pH adjusted to 1.8-2.0, the non-absorptive rates for MAA, EAA and BAA were 9.1 ± 0.5 %, 2.2 ± 0.0 %, and 2.0 ± 0.2 %, respectively, and the recovery rates were 100.8 ± 1.1 %, 100.2 ± 2.6 %, and 100.7 ± 12.0 %, respectively (Table 4) .
When the sample dissolved in distilled water was analyzed at the conditions shown in Table 1 , the retention times of chromatograms for MAA, EAA, and BAA were 17.10, 18.75 and 19.50 min, showing good separation. These retention times were the same in normal spiked urine (Fig. 1) . standard curves for MAA, EAA and BAA in urine were set in the range 1-10 mg/l. The standard curves are linear (r=0.99) in the range considered and may be written as: y=3499.7X + 120.2 for MAA and y=2621.3X + 28.8 for EAA and y=2453.5X -16.9 for BAA.
The limit of detection were calculated by the Kaiser method. The limits of detection of MAA, EAA and BAA were 0.08 µg/ml, 0.05 µg/ml and 0.01 µg/ml respectively. residue with hydrochloric acid and methylene chloride, placed the organ layer in a vial and made it into a derivative with diazomethane solution. Then, after removing excess diazomethane, the recovery rate was low at 31.4% for methoxyacetic acid and 62.5% for ethoxyacetic acid. Furthermore, a complex pre-treatment process was needed. The recovery rate of methoxyacetic acid was lower than that of ethoxyacetic acid because methoxyacetic acid has larger polarity than ethoxyacetic acid. Sakai et al.(1993) used isopropylalcohol and dichloromethane (1:2, v/v) for liquid-liquid phase extraction and obtained a recovery rate of 98.0 ± 2.8% for methoxyacetic acid, 96.4 ± 3.6% for ethoxyacetic acid, and 99 ± 0.8% for butoxyacetic acid, but their method also would result in a large loss of sample during the process of freeze drying and making the derivative when analyzing minute amounts of sample and the derivative dichloromethane is toxic to humans.
Liquid-liquid phase extraction resulted in low recovery rates, large loss of sample, low reproducibility, and needed a complex pre-treatment process. Nevertheless, the solid phase extraction method in the present study resulted in high recovery rates, required no pre-treatment process, and had high reproducibility by extracting the sample with a small amount of acetone after the large amount of sample was absorbed in the stationary phase when the amount of sample was lower than the detection range. The time required for the overall pre-treatment process is about 40 min. The recovery rate for the solid phase extraction was more than 100%. This recovery rate may be gained for evaporation of acetone during extraction and the void volume in a mini-coloumn.
No pre-treatment is needed at solid-phase extraction. This simplicity is an advantage of solid-phase extraction. Another advantage of solid-phase extraction is selective absorbtion in a specific absorbent, it can reduce interference which from other urine components. For example, urine catecholamines analysis with a sample clean up column does not need a pre-treatment process and does not result in any interference caused by urine components. The solid phase extraction method is more frequently used because of these advantages.
We believe that the sample not being completely absorbed was related to the short length and large width of the small column, particle size, and period between the application of the sample and washing. More thorough studies are needed in future on the relationship between the non-absorptive rate and recovery rate according to the conditions of the small column and the selection of the extracting solution.
The evaluation of the air concentration of alkyl cellosolves was insufficient for their low evaporation pressure, so that a biological monitoring of alkyl cellosolves was important. We determined a convenient analytic method for urine metabolites of alkyl cellosolves. This results may be helpful in biological monitoring of alkyl cellosolves.
Conclusions
The following results were obtained by selecting the optimal extraction liquid and flow rate needed for condensation and extraction of alkoxyacetic acid, which was the metabolite of alkyl cellosolve in urine according to the solid phase extraction method and evaluating the non-absorptive rate and recovery rate according to particle size in the solid phase.
Among the extraction solvents used, the recovery rates of methoxyacetic acid, ethoxyacetic acid and butoxyacetic acid were the highest with acetone at 100.4 ± 1.6%, 100.2 ± 1.8% and 100.7 ± 10.0%, respectively. The recovery rates were low with methanol and methylene chloride. No extraction was done with ethylacetate. The recovery rates according to extraction solvents were statistically different. The amounts of acetone needed for the extraction of methoxyacetic acid, ethoxyacetic acid and butoxyacetic acid were 6 ml, 5 ml, and 5 ml, respectively.
With solid phase particle at 140-200 mesh, the nonabsorptive rates of MAA, EAA and BAA were low at 3.2 ± 0.3%, 1.0 ± 0.1%, and 1.1 ± 0.1%, respectively. The optimal flow rate needed for extraction was 0.1 ml/min.
